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Abstract 

Background: Efficacy of recombinant adenovirus serotype 5 (rAd5) vaccine vectors for human immunodeficiency 
virus type 1 (HIV-1) and other pathogens have been shown to be limited by high titers of pre-existing Ad5 
neutralizing antibodies (NAbs) in the developing world. 

Results: Using a secreted embryonic alkaline phosphatase (SEAP) neutralization assay, 50% serum neutralization 
titers against rAd2 and rAd5 vectors were measured in samples from 274 infants and young children in northeast 
China. The pediatric population was found to be 59.6% and 43.3% seropositive for rAd2 and rAd5, respectively. Of 
all participants, 44.9% had moderate and high (> 200) and 25.6% had high (> 1 000) Ad2 NAb titers, compared with 
the corresponding rates of 26.6% and 9.3% against Ad5. Marked age-dependent increases in NAb titers to both Ad 
serotypes were observed across five age groups, with the exception of infants in the 0-6-month group commonly 
having relatively high titers due to pre-existing maternal antibodies. 

Conclusions: Our data suggest that Ad-based therapies may be suitible for children in the 7-12-month age range 
in this region. 
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Background 

Adenoviruses (Ad) are non-enveloped, double-stranded 
DNA viruses of the Adenoviridae family which infect a 
wide range of vertebrate hosts. There are over 50 dif- 
ferent serotypes of Ads of the genus Mastadenovirus 
known to infect humans and are divided into six sub- 
groups, A to F [1], Adenoviral vectors have been used 
for a variety of vaccine applications against various can- 
cers and infectious diseases. Unfortunately, a majority of 
the human population has been infected by wild-type 
Ads in childhood, and often these individuals harbor 
pre-existing immunity to a number of common Ad se- 
rotypes (i.e., serotypes 2, 4, 5 and 7) [2,3]. The clinical 
application of these Ad serotypes in construction of 
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vaccines may be seriously hampered due to neutralizing 
antibodies (NAbs) to these vectors [4]. Baseline levels of 
Ad5 NAbs have been shown to suppress the immuno- 
genicity of rAd5 vector-based vaccines for HIV-1 both in 
preclinical studies [5] and in clinical trials [6]. 

The seroprevalence of Ad serotypes commonly used in 
vaccine clinical trials, such as Ad2 and Ad5 from sub- 
group C, were found to be higher than other types in 
Europe, Asia and the United States [7]. An international 
epidemiological study on Ad type-5, -6, -26 and -36 
showed that the overall proportion of anti-Ad5 seroposi- 
tive individuals was 85.2%, and Ad5 NAb titers varied by 
geographic location, appearing to be higher in non-US 
and non-European settings [8]. In that study, Asian 
(Thai) participants had the highest Ad5 NAb titers; how- 
ever, samples from China were not included. Meanwhile, 
one report indicated that Ad5 NAb titers were low in 
young children in sub-Saharan Africa [9]. Appaiahgari 
et al. showed in an experimental mouse model that low 
levels of Ad5 NAbs had no effect on the protective effi- 
cacy of an Ad5-derived recombinant virus expressing 
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the Japanese encephalitis virus envelope protein [10]. 
These observations raise the possibility of using Ad5- 
derived recombinant vaccines for immunization in popu- 
lations with low Ad5 NAb levels. 

A recent study of Ad5 in Guangzhou (capital city of 
Guangdong province in southern China) demonstrated 
that 77.4% of the 200 subjects evaluated were seropo- 
sitive, showing an intermediate prevalence of Ad5 in- 
fection in southern China [11]. However, our prior 
epidemiological study of Ad5 NAbs showed that areas in 
southern China may have a higher seroprevalence of 
Ad5 than in other regions [12]. The objective of this 
current study was to determine the prevalence of NAbs 
against both Ad2 and Ad5 in pediatric populations in 
northeast China. The serum samples of children from 1 
day to 12 years of age were divided into different age 
groups to monitor their antibody titers. The finding of 
age-dependent Ad NAb titers in this study may have 
implications for the clinical application of Ad-based vac- 
cines and gene therapy in China. 

Materials and methods 

Human serum samples 

A total of 274 serum samples were obtained from 
healthy children from 1 day to 12 years of age, living in 
Changchun city, Jilin (province in northeast China). All 
of the samples were collected randomly from February 
to October in 2011. Informed consent was obtained 
from the legal guardians of all participants, and the 
serum samples utilized in Ad neutralization assays were 
approved by the Human Ethical Committee Institutional 
Review Board of Jilin University, Jilin, China. All human 
sera were inactivated at 56°C for 60 min prior to testing. 

Virus neutralization assays 

The Ad2-SEAP and Ad5-SEAP vector was constructed 
as previously described [7,13]. In these E3 deletion 
vectors, the El region was replaced by the SEAP gene. 
Ad-specific NAb titers were assessed using a secreted 
embryonic alkaline phosphatase (SEAP) quantitation 
assay [14]. Briefly, HEK293 cells were infected with Ad2- 
SEAP or Ad5-SEAP. Concurrently, 4 x 10 6 viral particles 
(vp) of Ad-SEAP were incubated for 1 h at 37°C either 
alone (set as 100% SEAP activity) or with five serial dilu- 
tions of serum in DMEM with 10% fetal bovine serum 
(FBS) before infection. The final serum dilutions were 
1:18, 1:72, 1:288, 1:1152 and 1:4608, and each serum 
sample was tested in duplicate. After incubation at 37°C 
for 24 h, supernatants were collected and assayed for 
SEAP activity using the chemiluminescent substrate 
CSPD (Roche, Basel, Switzerland) according to the man- 
ufacturer's instructions. Luminescence intensity was 
measured using a Victor 1420 Multilabel counter (Perkin 
Elmer, Wellesley, MA, USA). The neutralization titer 



was defined as the inverse of the serum dilution at 
which SEAP activity was reduced by 50% of that with 
the virus alone. 

Statistical analysis 

Logistic regression was used to calculate the odds ratios 
(OR) and 95% confidence intervals (CI) to analyze fac- 
tors associated with moderate and high Ad2 and Ad5 
NAb titers (>200) in all samples. A binary variable was 
established to represent Ad NAb titers >200 or low/ 
negative titers <200 among each group of samples. Uni- 
variate logistic regression analysis identified variables 
associated with moderate and high NAb titers at the 
P < 0.05 level of significance. Standard deviation and/or 
percentages were analyzed by SPSS 16.0 using Chi-square 
and t tests. 

Results 

We first evaluated the prevalence of NAbs against Ad2- 
SEAP and Ad5-SEAP in sera taken from 274 children 
from 1 day to 12 years of age. To determine the relative 
differences in titers in different populations, Ad NAb 
titers were divided into subgroups, similar to those 
reported for other Ad seroprevalence studies [15]. As 
shown in Figure 1, Ad2 and Ad5 seroprevalence rates 
were 59.6% and 43.3% in all test populations, respec- 
tively. It was found that 44.9% of participants had mode- 
rate and high Ad2 NAb titers (> 200) and 25.6% had 
very high titers (> 1000), compared with the correspon- 
ding rates of 26.6% and 9.3% against Ad5. The results 
also showed that over 60% of children in northeast 
China were positive for NAbs (titer > 18) against either 
the Ad2 or Ad5 serotype, and 51.0% had moderate 
and high levels of Ad2/Ad5 NAb titers. To evaluate the 
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Figure 1 Ad2, Ad5 and Ad2/Ad5 (Ad2 + Ad5) NAb titers in 
serum samples of all children stratified by titers: <18 
(negative), 18-200 (low), 201-1000 (moderate) and >1000 
(high). 
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prevalence of neutralizing antibodies against Ad2 and 
Ad5 in infants (0-24 months old) and children (3-12 
years old), frequency histograms were drawn to illustrate 
the impact of age on Ad2 and Ad5 infection. Serum 
NAb levels are shown for five separate age groups in 
Figure 2. It was found that the percentages of individuals 
seronegative to both Ad serotypes increased with in- 
creasing age, with the exception of the 0-6-month-old 
group showing a larger portion of low (18-200) and 
moderate (201-1000) titers than other groups. In this 
youngest group, 74.6% and 77.2% were seropositive to 
Ad2 and Ad5 NAbs, respectively. It also appeared that 
the 7-12-month-old group had the lowest percentages 
(Ad2, 5.4%; Ad5, 11.2%) of baseline Ad NAb titers, and 
the percentages of baseline titers increased with increa- 
sing age from this age group up to the 7-12-year-old 
group. Additional interesting findings were that serum 
samples in over 50% of the 7 newborn infant (<3 days) 
had baseline Ad2 and Ad5 NAb titers, and the me- 
dian Ad2 and Ad5 NAb titers were 368 and 288 in the 
0-6-month-old group, respectively (Figure 3). 

Univariate analyses of factors associated with moderate 
and high Ad2 and Ad5 titers are shown in Table 1. Un- 
adjusted regression suggested a trend where moderate 
and high Ad2 titers increased along with age when the 
children over the age of 12 months. Ad5 titers displayed 
a similar valley-like trend, and these associations were 
weak and not statistically significant. In addition, no appa- 
rent differences in Ad2 or Ad5 seroprevalence between 
genders were found in all pediatric populations. 

Discussion 

The high prevalence of human anti-Ad5 Abs, especially 
in sub-Saharan Africa, suggests that administration of 
Ad5-based vectors will likely lead both to antibody neu- 
tralization and a rapid, exacerbated cellular immune re- 
sponse in many individuals [16]. The practical scope 
of this problem was illustrated by the HIV-STEP trial, 
the first clinical trial aimed towards eliciting vaccine- 



induced cellular HIV immunity in humans. In partici- 
pants with high initial anti-Ad5 antibody titers, the vac- 
cine appeared to have increased HIV infection [17]. As 
HIV vaccine trials are now underway in children [18], it 
is important to determine at what age Ad NAbs become 
more prevalent. However, few studies on the seropreva- 
lence of NAbs to Ad5 or other serotypes in pediatric 
populations, especially infants, have been published to 
date. Previous studies indicated that Ad5 NAb titers are 
low in young children, and immunity to Ad5 vector is 
age-dependent [9,14]. However, a recent international 
epidemiological study of several Ad types reported a 
high Ad5 seroprevalence (65.9%) and correspondingly 
high-titer NAbs (titers > 1000) (43.2%) in children of 
South Africa [19]. In China, only one prior study in 
Guangdong demonstrated that 77.9% (28/36) of the 
participants were seropositive for Ad5 NAbs [11]. Our 
data showed that the seroprevalence of Ad5 NAbs in 
northeast China was apparently lower than that that 
in southern China, especially for the high-titer NAbs 
(18.8% vs. 30.6%), indicating that the anti-Ad5 titers 
may vary by geographic location. 

In all 6 subgroups of Ad serotypes, Adl, 2, 5 and 6 
from subgroup C have been demonstrated to be more 
seroprevalent than serotypes in other subgroups [7,8]. 
Our current observations of the seroprevalence of Ad2 
NAbs in China confirmed and extended the findings of 
prior studies. Pre-existing immunity to Ad can include 
both neutralizing antibodies, as well as Ad-specific T cell 
responses, as recent studies have highlighted a critical 
role for CD8 + T cells in pre-existing anti-Ad immunity 
[20-22]. It should also be noted that the magnitude and 
phenotype of cellular immune responses elicited by Ads 
may be cross-reactive. Considering the possibility of 
cross-reactivity within the same subgroup which may 
lead to a high seroprevalence of Ad even in infants or 
young children, our analysis of Ad2/5 NAb titers sug- 
gests that the approach of combining different Ad vac- 
cine vectors for heterologous priming or constructing 
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Figure 2 Seroprevalence of Ad2 and Ad5 in different age groups. Number of serum samples in each age group: 50 (0-6 M), 37 (7-12 M), 42 
(13-24 M), 97 (3-6 Y), and 48 (7-12 Y). M = months; Y = years. 



Yu et al. Virology Journal 201 2, 9:287 
http://www.virologyj.eom/content/9/1/287 



Page 4 of 5 



Newborn (n=7) 



10000 



2 1000 



£1 
< 



100 



10 



••• 



Ad2 



Ad5 



10000 n 



J2 
< 



100- 



10 



0-6 M (n=50) 



X 



Ad2 



X 



Ad5 



Figure 3 Ad2 and Ad5 NAb titers in serum samples from 7 individual newborn infants (< 3 days) (bars, median titers) and 
50 0-6-month-old infants (box-and-whisker plots). 



chimeric Ad vectors to overcome pre-existing immunity 
will need to be carefully designed. 

High titer of Ad5 NAbs have been shown to suppress 
the immunogenicity of rAd5 vector-based vaccines for 
HIV-1 in both preclinical studies [5,23] and clinical trials 
[6,24,25]. In this study, significant differences in Ad anti- 
body titers were monitored by performing univariate 
analysis of the association of age with moderate and 
high Ad2 and Ad5 titers. The levels of moderate and 
high Ad2 and Ad5 NAbs in children showed an age- 
dependent increase along with Ad-specific immunity, 
with 7-12-month-old infants having the lowest levels of 
anti-Ad immunity. We also found that samples from the 
youngest infants (0-6 months), even from seven new- 
born infants (< 3 days), had moderate and high titers of 
Ad2 and Ad5 NAbs. These results are consistent with 
prior studies showing that the pediatric population har- 
bors anti-Ad titers at birth due to passively acquired ma- 
ternal Abs which substantial decline by 6 months of age 
[8,9] but then drastically increase again after 18 months 



of age [26]. In the present study, NAbs for the Ad2 sero- 
type were shown to increase markedly even after 12 
months of age (Figure 2 and Table 1). These results indi- 
cate that adenovirus-based therapies may not be suitable 
for children above 12 months and below 6 months of 
age. These findings also suggest that before using Ad- 
based vaccines in a specific region, a thorough sero- 
logical survey of NAbs for different Ad types in pediatric 
populations should be carried out, since pre-existing 
immunity may result in adverse inflammatory respon- 
ses [19]. 

In summary, the seroepidemiological assessment con- 
ducted in this study revealed an interesting age- 
dependent association of anti-Ad2 and Ad5 NAbs in 
pediatric populations in northeast China, Thus, poten- 
tially high NAb titers to Ad in newborns or older chil- 
dren (>12 months) should be taken into consideration 
when designing Ad-based vaccines, while children of the 
7-12-month age range with relatively low Ad-specific 
immuity may benefit the most from such vaccines. 



Table 1 Unadjusted and adjusted odds of moderate and high Ad2 and Ad5 NAb titers in children of northeast China 


Population 


Ad2 NAb Titers >200 






Ad5 NAb Titers >200 








No. (% a , % b ) 


Unadjusted OR 
(95% CI) 


Adjusted OR 
(95% CI) 


No. (%, %) 


Unadjusted OR 
(95% CI) 


Adjusted OR 
(95% CI) 


Overall 


1 23 (44.89) 






74 (27.01) 






Age 














0-6 mo 


25 (50.00, 20.33) 


1.00 




20 (40.00, 27.03) 


1.00 




7-12 mo 


2 (5.41, 1.63) 


0.06 (0.01, 0.26) 


0.07 (0.02, 0.30) 


4 (10.81, 5.40) 


0.18 (0.06, 0.59) 


0.33 (0.11,0.96) 


13-24 mo 


21 (50.00, 17.07) 


1 .00 (0.44, 2.27) 


1 .23 (0.64, 2.35) 


8 (19.05, 10.81) 


0.35 (0.14, 0.92) 


0.64 (0.28, 1 .44) 


3-6 yr 


45 (46.39, 36.58) 


0.87 (0.44, 1.71) 


1 .06 (0.67, 1 .69) 


26 (26.80, 35.14) 


0.55 (0.27, 1.13) 


0.99 (0.59, 1 .67) 


7-12 yr 


30 (62.50, 24.39) 


1.67 (0.74, 3.73) 


2.05 (1.09, 3. 85) 


16 (33.33, 21.62) 


0.75 (0.33, 1.71) 


1.35 (0.70, 2.61) 


Sex 














Male 


58 (39.73, 47.15) 


1.00 




40 (27.40, 54.05) 


1.00 




Female 


65 (50.78, 52.85) 


1.56 (0.97, 2.53) 




34 (26.56, 45.95) 


0.96 (0.56, 1 .64) 





OR = odds ratio; CI = confidence interval, mo = months; yr = years. 
a Data as a percentage of overall samples in each age or sex group. 
b Data as a percentage of overall data (Ad NAb titers >200). 



Yu et al. Virology Journal 201 2, 9:287 
http://www.virologyj.eom/content/9/1/287 



Page 5 of 5 



Abbreviations 

rAd5: recombinant adenovirus serotype 5; NAbs: Neutralizing antibodies; 
HIV: Human immunodeficiency virus; SEAP: Secreted alkaline phosphatase; 
OR: Odds ratios; CI: Confidence intervals. 

Competing interests 

The authors declare that they have no competing interest. 
Authors' contributions 

BY, ZW and JND performed virus neutralization assays. CW and CJS 
constructed the replication-incompetent rAd-SEAP vectors. LNG contributed 
to collection of specimens and clinical diagnosis. WK and XHY designed the 
study and critically revised the manuscript. All of the authors read and 
approved the final version of the manuscript. 

Acknowledgements 

This study was supported by National Nature Science Foundation of China 
(No. 30872396), the Key Projects in the National Science & Technology Pillar 
Program in the Eleventh Five-year Plan Period (Grant 2008ZX10001-012) and 
Graduate Innovation Found of Jilin University (No. 201 1 1028). 

Author details 

'National Engineering Laboratory for AIDS Vaccine, College of Life Science, 
Jilin University, Changchun 130012, China. 2 Key Laboratory for Molecular 
Enzymology and Engineering, the Ministry of Education, College of Life 
Science, Jilin University, Changchun 130012, China, department of ICU, The 
First Hospital of Jilin University, Jilin University, Changchun 130021, China. 
4 State Key Laboratory of Respiratory Diseases, Center for Infection & 
Immunity, Guangzhou Institute of Biomedicine and Health, Chinese 
Academy of Sciences, Guangzhou 510530, China. 

Received: 7 February 2012 Accepted: 31 October 2012 
Published: 23 November 2012 

References 

1. Berk A: Adenoviridae: The viruses and their replication. In Fields virology. 
5th edition. Edited by Knipe DM HP. Philadelphia, PA: Lippincott Williams & 
Wilkins; 2007:2355-2394. 

2. Seregin SS, Amalfitano A: Overcoming pre-existing adenovirus immunity 
by genetic engineering of adenovirus-based vectors. Expert Opin Biol Ther 
2009,9:1521-1531. 

3. Lasaro MO, Ertl HC: New insights on adenovirus as vaccine vectors. 
Mol Ther 2009, 17:1333-1339. 

4. Yang ZY, Wyatt LS, Kong WP, Moodie Z, Moss B, Nabel GJ: Overcoming 
immunity to a viral vaccine by DNA priming before vector boosting. 
J Virol 2003, 77:799-803. 

5. Roberts DM, Nanda A, Havenga MJ, Abbink P, Lynch DM, Ewald BA, Liu J, 
Thorner AR, Swanson PE, Gorgone DA, et al: Hexon-chimaeric adenovirus 
serotype 5 vectors circumvent pre-existing anti-vector immunity. Nature 
2006,441:239-243. 

6. Priddy FH, Brown D, Kublin J, Monahan K, Wright DP, Lalezari J, Santiago S, 
Marmor M, Lally M, Novak RM, et al: Safety and immunogenicity of a 
replication-incompetent adenovirus type 5 HIV-1 clade B gag/pol/nef 
vaccine in healthy adults. Clin Infect Dis 2008, 46:1769-1781. 

7. Vogels R, Zuijdgeest D, van Rijnsoever R, Hartkoorn E, Damen I, de Bethune 
MP, Kostense S, Fenders G, Helmus N, Koudstaal W, et al: Replication- 
deficient human adenovirus type 35 vectors for gene transfer and 
vaccination: efficient human cell infection and bypass of preexisting 
adenovirus immunity. J Virol 2003, 77:8263-8271. 

8. Mast TC, Kierstead L, Gupta SB, Nikas AA, Kallas EG, Novitsky V, Mbewe B, 
Pitisuttithum P, Schechter M, Vardas E, et al: International epidemiology of 
human pre-existing adenovirus (Ad) type-5, type-6, type-26 and type-36 
neutralizing antibodies: correlates of high Ad5 titers and implications for 
potential HIV vaccine trials. Vaccine 2010, 28:950-957. 

9. Thorner AR, Vogels R, Kaspers J, Weverling GJ, Holterman L, Lemckert AA, 
Dilraj A, McNally LM, Jeena PM, Jepsen S, et al: Age dependence of 
adenovirus-specific neutralizing antibody titers in individuals from 
sub-Saharan Africa. J Clin Microbiol 2006, 44:3781-3783. 

10. Appaiahgari MB, Saini M, Rauthan M, Jyoti, Vrati S: Immunization with 
recombinant adenovirus synthesizing the secretory form of Japanese 



encephalitis virus envelope protein protects adenovirus-exposed mice 
against lethal encephalitis. Microbes Infect 2006, 8:92-104. 

11. Sun C, Zhang Y, Feng L, Pan W, Zhang M, Hong Z, Ma X, Chen X, Chen L: 
Epidemiology of adenovirus type 5 neutralizing antibodies in healthy 
people and AIDS patients in Guangzhou, southern China. Vaccine 2011, 
29:3837-3841. 

1 2. Yu B, Zhou Y, Wu H, Wang Z, Zhan Y, Feng X, Geng R, Wu Y, Kong W, Yu X: 
Seroprevalence of neutralizing antibodies to human adenovirus type 5 
in healthy adults in China. J Med Virol 2012, 84:1408-1414. 

13. Yu B, Zhang Y, Zhan Y, Zha X, Wu Y, Zhang X, Dong Q, Kong W, Yu X: 
Co-expression of herpes simplex virus thymidine kinase and Escherichia 
coli nitroreductase by an hTERT-driven adenovirus vector in breast 
cancer cells results in additive anti-tumor effects. Oncol Rep 2011, 
26:255-264. 

14. Dudareva M, Andrews L, Gilbert SC, Bejon P, Marsh K, Mwacharo J, Kai O, 
Nicosia A, Hill AV: Prevalence of serum neutralizing antibodies against 
chimpanzee adenovirus 63 and human adenovirus 5 in Kenyan children, 
in the context of vaccine vector efficacy. Vaccine 2009, 27:3501-3504. 

15. Abbink P, Lemckert AA, Ewald BA, Lynch DM, Denholtz M, Smits S, 
Holterman L, Damen I, Vogels R, Thorner AR, et al: Comparative 
seroprevalence and immunogenicity of six rare serotype recombinant 
adenovirus vaccine vectors from subgroups B and D. J Virol 2007, 
81:4654-4663. 

1 6. Zaiss AK, Machado HB, Herschman HR: The influence of innate and pre- 
existing immunity on adenovirus therapy. J Cell Biochem 2009, 108:778-790. 

17. McElrath MJ, De Rosa SC, Moodie Z, Dubey S, Kierstead L, Janes H, Defawe 
OD, Carter DK Hural J, Akondy R, et al: HIV-1 vaccine-induced immunity in 
the test-of-concept Step Study: a case-cohort analysis. Lancet 2008, 
372:1894-1905. 

18. Slack C, Strode A, Fleischer T, Gray G, Ranchod C: Enrolling adolescents in 
HIV vaccine trials: reflections on legal complexities from South Africa. 
BMC Med Ethics 2007, 8:5. 

19. Barouch DH, Kik SV, Weverling GJ, Dilan R, King SL, Maxfield LF, Clark S, 
Ng'ang'a D, Brandariz KL, Abbink P, ef al: International seroepidemiology 
of adenovirus serotypes 5, 26, 35, and 48 in pediatric and adult 
populations. Vaccine 201 1, 29:5203-5209. 

20. Leen AM, Christin A, Khalil M, Weiss H, Gee AP, Brenner MK, Heslop HE, 
Rooney CM, Bollard CM: Identification of hexon-specific CD4 and CD8 T- 
cell epitopes for vaccine and immunotherapy. J Virol 2008, 82:546-554. 

21 . Sun Y, Bailer RT, Rao SS, Mascola JR, Nabel GJ, Koup RA, Letvin NL: Systemic 
and mucosal T-lymphocyte activation induced by recombinant 
adenovirus vaccines in rhesus monkeys. J Virol 2009, 83:10596-10604. 

22. Hutnick NA, Carnathan D, Demers K, Makedonas G, Ertl HC, Betts MR: 
Adenovirus-specific human T cells are pervasive, polyfunctional, and 
cross-reactive. Vaccine 2010, 28:1932-1941. 

23. Casimiro DR, Chen L, Fu TM, Evans RK, Caulfield MJ, Davies ME, Tang A, 
Chen M, Huang L, Harris V, et al: Comparative immunogenicity in rhesus 
monkeys of DNA plasmid, recombinant vaccinia virus, and replication- 
defective adenovirus vectors expressing a human immunodeficiency 
virus type 1 gag gene. J Virol 2003, 77:6305-6313. 

24. Buchbinder SP, Mehrotra DV, Duerr A, Fitzgerald DW, Mogg R, Li D, Gilbert 
PB, Lama JR, Marmor M, Del Rio C, et al: Efficacy assessment of a cell- 
mediated immunity HIV-1 vaccine (the Step Study): a double-blind, 
randomised, placebo-controlled, test-of-concept trial. Lancet 2008, 
372:1881-1893. 

25. Catanzaro AT, Koup RA, Roederer M, Bailer RT, Enama ME, Moodie Z, Gu L, 
Martin JE, Novik L, Chakrabarti BK, ef al: Phase 1 safety and 
immunogenicity evaluation of a multiclade HIV-1 candidate vaccine 
delivered by a replication-defective recombinant adenovirus vector. 

J Infect Dis 2006, 1 94:1 638-1 649. 

26. Appaiahgari MB, Pandey RM, Vrati S: Seroprevalence of neutralizing 
antibodies to adenovirus type 5 among children in India: implications 
for recombinant adenovirus-based vaccines. Clin Vaccine Immunol 2007, 
14:1053-1055. 



doi:1 0.1 1 86/1 743-422X-9-287 

Cite this article as: Yu et at: A serological survey of human adenovirus 
serotype 2 and 5 circulating pediatric populations in Changchun, China, 

201 1 . Virology Journal 201 2 9:287. 



